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Overview

Background: https://www.nlm.nih.gov/ncbi/workshops/2023-03_3d-

molecular-structures/background.html

https://www.nlm.nih.gov/ncbi/workshops/2023-03_3d-molecular-structures/background.html


Structural Biology

1952-1953- Pioneering DNA 

structure work by Wilkins, 

Franklin, Watson, & Crick. 

1957- The first protein with a 

crystal structure was solved in 

by Kendrew and co-workers

1956-1960-Rich & Daviesô 

structural experiments showed 

how information could be 

transferred from DNA to RNA.

Now- over 175,000 

structures are publicly 

available and structure 

prediction is improving!



Experimental techniques

Advantages Disadvantages

X-ray 

crystallography

Å Well developed

Å High resolution

Å Broad molecular weight 

range

Å Difficult sample prep

Å Static crystalline state 

NMR Å High resolution

Å 3D structure in solution

Å Good for dynamic study

Å Difficult sample prep

Å High sample purity needed 

Å Static crystalline state 

captured

Cryo-EM Å Simple sample prep

Å Structure in native state

Å Small sample size needed

Å Lower resolution

Å Works best for samples with 

high molecular weight

Å Equipment can be expensive, 

but costs are decreasing



Where do I find experimentally determined structures?

NCBI Structure DatabaseRCSB Protein Data Bank



Protein Data Bank (PDB)

ÅNew Structures are deposited daily

Each structure contains:

Å3D atomic coordinates 

ÅMandatory Metadata

ÅAuthor Information

ÅPrimary citation

ÅExperimental Data

ÅPolymer sequence(s)- proteins, 
DNA, RNA

ÅSmall Chemical component 
structures- ligands, inhibitors, etc.

https://www.rcsb.org/


ÅUpdated monthly

ÅDerived from PDB records

ÅAdditional information added, 
including:

ÅExplicit chemical graph 
information

ÅValidation (secondary structure 
elements)

ÅIncludes taxonomy

ÅConnects 3D to associated 
literature, molecular data, chemical 
data, and other NCBI tools

NCBIôs Structure Database

https://ncbi.nlm.nih.gov/Structure/index.shtml


ÅInteractive, web-based 3D structure 
viewer

ÅNo installation needed! 

ÅUsers can

ÅVisualize structure in 1D, 2D, and 3D 

ÅView sequence and structure 
alignments

ÅProbe perturbations

ÅAnd more!

iCn3D



Web-

based
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Sequence

2D

Diagram

Annotation Align Share

Link

Script Jupyter

Notebook

Virtual 

Reality

3D 

Printing

iCn3D ṉ ṉ ṉ ṉ ṉa ṉb ṉc ṉd ṉ ṉ

Mol* ṉ ṉ Web Web

Aquaria ṉ ṉ ṉ ṉ

Chimera ṉ ṉ ṉ ṉ

PyMol ṉ ṉ ṉ

Cn3D ṉ Web ṉ ṉ

3D Viewer Feature Comparison

a: iCn3D aligns structures (PDB or AlphaFold) based on structures or sequences. 
b: iCn3D sharable links could be a short URL or a URL containing the address of an iCn3D PNG Image
c: iCn3D supports command-line analysis with either Python scripts or Node.js scripts
d: iCn3D can also be used in Jupyter Notebook

https://structure.ncbi.nlm.nih.gov/icn3d/share.html?XCxR6fSTmXHxR3o1A
https://www.ncbi.nlm.nih.gov/Structure/icn3d/?type=icn3dpng&url=https://ndownloader.figshare.com/files/3912580
https://github.com/ncbi/icn3d/tree/master/icn3dpython
https://github.com/ncbi/icn3d/tree/master/icn3dnode
https://pypi.org/project/icn3dpy


ÅiCn3D aligns structures (PDB or AlphaFold) based on structures or sequences.

ÅiCn3D sharable links (https://structure.ncbi.nlm.nih.gov/icn3d/share.html?XCxR6fSTmXHxR3o1A)

ÅiCn3D supports command-line analysis with either Python scripts or Node.js scripts

ÅiCn3D can also be used in Jupyter Notebook (https://pypi.org/project/icn3dpy)

Å3D printing: structure.ncbi.nlm.nih.gov/icn3d/share.html?wt4TDqzhC2rhCYTD7

ÅContact map: structure.ncbi.nlm.nih.gov/icn3d/share.html?rnMbe26tNsAjJLGK9

ÅPrecalculated symmetry: structure.ncbi.nlm.nih.gov/icn3d/share.html?bGH1BfLsiGFhhTDn8

ÅSymmetry dynamically: structure.ncbi.nlm.nih.gov/icn3d/share.html?6NvhQ45XrnbuXyGe6

ÅElectron density map: structure.ncbi.nlm.nih.gov/icn3d/share.html?QpqNZ3k65ToYFvUB6

ÅEM map: structure.ncbi.nlm.nih.gov/icn3d/share.html?L4C4WYE85tYRiFeK7

ÅTransmembrane protein: structure.ncbi.nlm.nih.gov/icn3d/share.html?jMN16mJyR9STUx6E6

ÅSolvent Accessible Area: structure.ncbi.nlm.nih.gov/icn3d/share.html?xKSyfd1umbKstGh29

iCn3D Features of Interest

https://structure.ncbi.nlm.nih.gov/icn3d/share.html?XCxR6fSTmXHxR3o1A
https://github.com/ncbi/icn3d/tree/master/icn3dpython
https://github.com/ncbi/icn3d/tree/master/icn3dnode
https://pypi.org/project/icn3dpy
https://structure.ncbi.nlm.nih.gov/icn3d/share.html?wt4TDqzhC2rhCYTD7
https://teamsite.nlm.nih.gov/iw/cci/meta/no-injection/iw-mount/default/main/nlm/WORKAREA/common/htdocs/ncbi/workshops/2023-03_3d-molecular-structures/structure.ncbi.nlm.nih.gov/icn3d/share.html?rnMbe26tNsAjJLGK9
https://structure.ncbi.nlm.nih.gov/icn3d/share.html?bGH1BfLsiGFhhTDn8
https://structure.ncbi.nlm.nih.gov/icn3d/share.html?6NvhQ45XrnbuXyGe6
https://structure.ncbi.nlm.nih.gov/icn3d/share.html?QpqNZ3k65ToYFvUB6
https://structure.ncbi.nlm.nih.gov/icn3d/share.html?L4C4WYE85tYRiFeK7
https://structure.ncbi.nlm.nih.gov/icn3d/share.html?jMN16mJyR9STUx6E6
https://structure.ncbi.nlm.nih.gov/icn3d/share.html?xKSyfd1umbKstGh29


iCn3D Fundamentals Demo
https://www.nlm.nih.gov/ncbi/workshops/2023-03_3d-molecular-

structures/iCn3D_Fundamentals.html

https://www.nlm.nih.gov/ncbi/workshops/2023-03_3d-molecular-structures/iCn3D_Fundamentals.html


iCn3D Mutation Analysis Demo
https://www.nlm.nih.gov/ncbi/workshops/2023-03_3d-molecular-

structures/mutation_demo.html

https://www.nlm.nih.gov/ncbi/workshops/2023-03_3d-molecular-structures/mutation_demo.html


ÅP53 binds to regulatory sites in the genome 

and:

ÅInitiates protein production that stops cell 

division until damage is repaired

ÅInitiates apoptosis

ÅRich in + charged amino acids (Arg, His, Lys)

Å+ charged amino acids commonly interact 

with negatively charged nucleic acid 

backbones

ÅUsually interact at the major grove

P53 DNA-binding

P53 DNA- binding (from PDB)


